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Allergenic extracts used for immunotherapy often contain mixes of different allergens. Studies have shown that certain
allergenic extracts contain enzymes that can cause a decrease in grass pollen allergenicity when mixed with grass
extracts.

Glycerin and buffered saline with phenol (BSP) extracts containing Helminthosporium interseminatum, D. farinae,
and cockroach were mixed with perennial ryegrass exiracts and analvzed 7. 30, 60, and 90 days afier mixing to
determine the mixing effect of these extracts on the ryegrass pollen potency. Analvsis was performed using RAST
inhibition, SDS-PAGE and. 0 determine biologic potency. a quantitative intradermal skin 1est technique. All tests
showed significant decreases in rvegrass potency when mixed with Helminthosporium and cockroach. This decrease
was not seen with the D. farinae mix. Glycerin seemed to have some protective effect. Even in the situation showing
the most decrease in ryegrass potency (Helminthosporium mixed with rvegrass in a BSP exiract), the resulting extract
still contained an estimated biologic potency of 10.000 AU/mL. This may explain why such mixes, which have been

used clinically for many years, appear to give adequate therapeutic results. The study also suggests that clinicians
may be well advised not to mix grass pollen extracts with extracts that may coniain proteolytic enzymes.

INTRODUCTION

Allergen extracts used for immu-
notherapy are often complex mixes
of different materials. Recent stud-
ies have shown that extracts may
contain enzymes that are capable of
degrading proteins.' Since most im-
portant allergens are proteins. these
enzymes have the potential to de-
stroy important components of al-
lergenic extracts.

Studies have shown that grass ex-
tracts. when mixed with the molds
Alternaria or Helminthosporium,
(even when buffered with saline
contiining human serum albumin
as a diluer) exhibited significant
decrrases in activity as measured by
ELISA inhibition and immunoblot
test.” T ose docoeases in activity
were pre: med to be due to enzyme
degradation of major grass aller-
gens.

In addition, studies have shown
that fungal, epithehial, and insect
sourced extracts when mixed with
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pollen extracts can cause a reduc-
tion in the potency of the pollen
extracts as measured by ELISA in-
hibition. The potency reduction was
correlated with the protease activity
measured in these nongrass ex-
tracts.® Studies have reported that
house dust mites and mite extracts
contain protease activity*® as do
cockroach extracts.’

The studies to date have been per-
formed using RAST inhibition.
ELISA inhibition. and other in vitro
assays. The clinical relevance of
these studies is not entirelv <lear.
This study was designed to help de-
termine the clinical relevance of
protealyvtic  ¢nzyme-induced  Je-
¢reased potency of grass pollen ox-
tracts. Specificallv. the purpose of
the Jtudy was to determine whether
mixing a mold extract (Helmintho-
sporign  interseminaium), a ite
extract (Dermatophagoides farinae),
ot a cockroach mix extract (Ameri-
can. German. and Oriental) with a
perennial ryegrass extract would re-
sult in a significant decrease in po-
tency of the rvegrass extract. Both
glvcerinated and aqueous (buflered

saline with phenol) extracts were
used to determine whether different
diluents affected the degradation
process in different ways. The mix-
tures were analyzed by in vivo and
in vitro methods 7. 30, 60, and 90
days after they were prepared. The
study was thus designed to compare
in vivo with in vitro methods of
measuring extract potency. A quan-
titative intradermal skin test meas-
urement assav was used to deter-
mine clinical relevancy. The extract
mixes were assigned allergy units
based on this skin tes 'y method.
The in vitro tests uscd to analyze
the extract mixes were RAST inhi-
bition ard SPS-PAGE and HPLC.

METHODS AND MATERIALS
. 5
Subjects

Subjects had a his oy of allergic
rhinitis and/or asth..-a, with a sea-
sonal pattern of symptoms sugges-
tive of grass pollen alleray. They
exhiblited a puncture induced sum-
mation of ervthema diameter skin
test reaction greater than 40 mm
when tesied with the perennial rye-
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grass extract. All exhibited a nega-
tive puncture skin test to the control
extract shagbark hickory. In addi-
uon, subjects tested with the rve-
grass/D. farinae mixture exhibited a
negative puncture test to D. farinae,
those tested with ryegrass/Helmin-
thosporium exhibited a negative
puncture test to Helminthosporium.
and those tested to rvegrass/cock-
roach exhibited a negative puncture
test to cockroach. At each timepoint
three subjects were skin tested to the
rvegrass/D. farinae extract, three to
the ryegrass/Helminthosporium ex-
tract. and three to the rvegrass/cock-
roach extract. All subjects were
tested with the ryegrass/hickory
mixture and the ryegrass/ABS con-
trols.

Skin Tests

Subjects were skin tested to test and
control extracts using the Center for
Biological Evaluation and Research
(CBER) approved Relative Potency
Protocol.® A local Institutional Re-
view Board reviewed the protocol
and informed consent was obtained
from all subjects prior to testing.
Skin testing was performed using
test and control extracts at day 7,
dav 30, day 60, and day 90 after the
mixtures were prepared.

Allergy units were derived from
Dsos (that calculated skin test dilu-
tion which produced a summation
of erythema diameter of 50 mm). If
the Dsg 1s >13 the extract contains
100.000 AU/mL, if 11 to 13 it con-
tains 10,000 AU/mL, andif9to 11
it contains 1000 AU/mL.

Vest and Control Extracts

Altallergenic extracts we. > prepared
at baseline by mixing equal parts of
the perennial rycgrass extract with
cae additional extract. Test extracts
consisted of perennial ryegrass
mixed with either Helminthospori-
wm interseminatum, D. farinae, or
cockroach mix. Control extracts
consisted of perennial ryegrass
mixed with either shagbark hickory
or albumin saline with phenol. The
control extracts were mixed at the
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beginning of the studv and used
throughout. Both givcerinated and
aqueous (BSP) extracts of each of
the above combinations were pre-
pared with the exception of D. fari-
nae. which was only available in
glvcerinated form. Mixed extracts
were stored at 2 to 4 °C. At each
timepoint aliquots were withdrawn
from each mixture vial for in vitro
and in vivo analysis.

All extracts and diluents were
manufactured by Miles Inc. Allergy
Products. Spokane. WA, The spe-
cific products are listed below:

Perennial rvegrass. 1:20 (wt/
vol) in 50% glycerin

Perennial rvegrass. 1:10 (wt/
vol) in BSP

Helminthosporium  intersemi-
natim, 1:10 (wt/vol) in 50% glyc-
erin

Helminthosporium  intersemi-
natum, 1:10 (wt/vol) in BSP

Dermatophagoides — farinae.
30.000 AU/mL in 50% glvcerin

Cockroach mix (American,
German, Oriental). 1:10 (wt/vol)
in 50% glycerin

Cockroach mix (American,
German, Oriental), 1:10 (wt/vol)
in BSP

Shagbark hickory, 1:20 (wt/
vol) in 50% glycerin

Shagbark hickory, 1:10 (wt/
vol) in BSP

Albumin saline with 0.4%

Phenol

After mixing. the control .nd test
extracts contained 50% of the aller-
gen content specified above, eg. pe-
rennial  ryegrass. 1:20  (wt/vol),
mixed with shsgbark hickory, 1:20
(wt/vol), resul d in a final concen-
tration of percnnial rvegrass. 1:40
(wi/vol)/shagbark hickory. 1:40
(wt/vol).

Skin Test Control Products

Positive controls: histamine phos-
phate solution: 1.8 mg histar:ine
base/mL. (Center Laboratories,
Port Washington. NY) and hista-
mine phosphate solution: 0.1 mg
histamine base/mL (Aliermed Lab-
oratories, San Diego, CA).

Diluents: 30% glveerin, (Miles
Inc. Allergy Products, Spokane.
WAYand albumin saline with 0.4%
phenol. (Miles Inc. Allergy Prod-
ucts. Spokane. WA).

Relative Potency by RAST
Inhibition

Relative potency by RAST inhibi-
tion was performed as described in
the procedure provided by the
United States Food and Drug Ad-
ministration Center for Biologics
Evaluation and Research (CBER).’

SDS-PAGE

SDS-PAGE was performed accord-
ing to the method of Laemmli"
using Mini-PROTEAN 11 4% to
15% gradient gels (BioRAD, Rich-
mond, CA). Samples were treated
with 15 SDS and 0.04 M dithio-
threitol and boiled for three min-
utes. Gels were stained with Coo-
massie brilliant blue or transferred
to nitrocellulose (0.2 micron.
BioRAD, Richmond, CA) and then
stained with ISS protein gold
(EmProtech, Hyde Park, MA). Blot-
ting was performed electrophoreti-
cally in 25 mM Tris, 192 mM gly-
cine. and 20% methanol, pH 8.1
using a mini-Trans BlotR Transfer
Cell (BioRAD. Richmond, CA).

HPLC

Extracts and mixes were analyzed
using a BioRAD Biosil TSK 125
coluran 300 x 765 mm (BioRAD,
Richmond. CA) on a Hewlett Pack-
ard model 1090 HPLC analyser.
The mobile phase was .01 M Tris,
0.9% sodium chloride, piH 7.5 with
a flow rate of 0.2 ml/min. Peaks
were monifored at 280 nm.

Protease Assay

Extracts were tested for proteolytic
activity by incubating 5 uL in [%
Agarose zcls containing 1% casein,
pH 7.0 overnight at 37 °C. The
plates w re fixed with 10% acetic
acid. Cl. iring around the wells in-
dicated protealvtic activity. Activity
was scored by the diameter of clear-




ing: >30 mm = +:21-49 mm = =+,
<20 mm = —,

RESULTS

Relative Potency by Skin Test and
RAST

Figure | shows the calculated skin
test relative potency of the test ex-
tracts versus ryegrass/ABS glyceri-
nated and BSP extracts on all test
days.

The relative potencies of the ex-
tracts were calculated by using the
2 erythema diameter of the skin test
reactions. Since two control extracts
were used (ryegrass/hickory and
ryegrass/ABS), two relative potency
determinations were made. Both
controls gave the same results so the
relative potency between the test ex-
tract and ryegrass/ABS is listed. For
the glvcerin extracts. the rvegrass/
D. farinae showed no decrease in
relative potency compared with the
control. The cockroach extract
showed a slight decrease in relative
potency at day 60 which stayed rel-
atively the same at day 90. The rye-
grass/Helminthosporium  showed
the greatest decrease in relative po-
tency first seen at day 30 and be-
coming greatest at day 60. No fur-
ther decrease was observed at day
90.

For the BSP extracts, ryegrass/D.
Jarinae showed no decrease com-
pared to the control. The ryegrass/
cockroach showed a great decrease
in relative potency most pro-
nounced at day 90 where it was only
11% as potent as the control. The
greatest decrease in relative potency
was shown by ryegrass/Helmintho-
sporium at day 90 when it was only
4% as potent as the contiol.

Figure 2 shows the relative po-
tency determinations of the glycerin
and BSP extiacts and the ryegrass/
ABS control at all time points meas-
ured by RAST inhibition. The rela-
tive potencies measured by RAST
are essentially the same as those de-
termined by skin testing.

Figure 3 shows the relatis» po-
tency determinations of the BSP

242

A. 50% GLYCERIN

1.6
! 1
1.4 ‘[ * HICKORY ¥ HELMINTHOSPORIUM ;
' ® D. FARINAE % COCKROACH i
> L
o 1.2 e
E I\‘\ »/’/,,‘ijl—f,,‘.;::_;”’;, ‘\_f‘\\\;:\\\
= 1 e P —
g . ¥ T
'—_-hi‘\“\~h‘
w8l T -
> ™~
Z 05 S
-
w \
x 0.4 T o ey
0.2
0

0 10 20 30 40 50 60 70 80 90 100
DAYS AFTER MIXING

B. BSP
1.6 T
1.8l #* HICKORY ¥ HELMINTHOSPORIUM |3
) @ D. FARINAE # COCKROACH )
>1.2 .
g N /;:\\
wi T e
b= 1 /// A
4 0.8 ‘ T
w0
> i -
5: 0.6 T ~
i 3
x 0.4 \;\ N .
. N
~. |
0.2 —
L . \‘R-
T
0 SR

0 10 20 30 40 50 €60 70 80 80 in0
DAYS AFTER RMIXING 7
Figure 1. Relative potency by skin test titration of glvcerin perennial ryegrass mixed with
glycenin test extracts versus glycerin perennial ryegrass mixed with ABS (A} and relative potency

of BSP perennial ivegrass mixed with BSP test extracts versus BSP perennial rycgrass mixed with
ABS (B).

¥
and glycerin controls. The relative points. The potency of both controls
potency of the glvcerin and BSP was approximately the same at all
controls were corpared at all time time points.
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iovre 2. Relative potency by RAST inhibition of glieerin perennial ryegrass mixed with
glveerin test extracts versus ghycerin pereanial ryegrass mixed with ABS (A) sad relative potency
of BSP perennial rvegrass mixed with BsP test extracts versus BSP perennial ryegrass mixed » h
ASS(B).

Dso Determirations and AU ducing a skin twst T ervthema di-
Calculations ameter of 50 mm) and calculated
Tzble 1 shows the Dy (dilution pro- allergy unitage based on th-ee pa-
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tients for the test and control glve-
erin and BSP extracts on all test
davs. For the glvcennated extracts.
the control extracts. ryvegrass/hick-
ory and ryegrass/ABS showed little
change in D, during the test period.
The ryegrass/D. farinae and rye-
grass/cockroach extracts did not
change much over the time period.
The  rvegrass/Helminthosporium
showed the greatest decrease in Dsg
from 14.8 at day 7 to 13.8 at day
90.

For the BSP extracts the ryegrass/
D. farinae showed no decrease in
Ds, during the test period. The rye-
grass/cockroach extract showed a
decrease in Ds. from 14.7 at day 7
to 12.5 at day 90. The ryegrass/
Helminthosporium  showed the
greatest decrease in Ds, from 14.6
at day 7 to 11.7 at ¢ay 90. All ex-
tracts except those containing cock-
roach and Helminthosporium con-
tained a calculated 100.000 AU/mL
rvegrass potency. The cockroach
and Helminthosporium extracts
contained a calculated 10,000 AU/
mL.

SDS-PAGE and Blotting

Glycerinated perennial ryegrass
mixed equally with albumin saline
or glycerinated hickory produced
similar SDS-PAGE protein profiles
(Fig 4). Similar results were seen
with B5P perennial ryegrass equally
mixed with albumin saline or BSP
hickory but with less intense bands.
In both cases major bands were seen
at about 70,000 Daltons, 30,000
Daltons and 14,000 Daltons. The
HSA tand was sees at about 75,000
Daltows. IFer both glycerinated and
BSP pereinial ryegrass, mixing with
Helminthosporium shewed a loss of
the v cgrass band at 30,000 Daltons.

HPLC

High performance liquid chroma-
tography analysis of perenmal rye
showed a major peak at 13 to 14
minutes in the albumin saline mix
and hickory mix for both glycerin
extract and BSP. This peak has a
molecular  weight  greater  than
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Figure 3. Relative potencies of BSP perennial ryegrass/hickory extract versus glycerin perennial
rvegrass/hickory extract and relative potencies of BSP perennial ryegrass/ABS versus glycerin
perennial ryegrass/ABS as determined by skin test titration.

Table 1. D50 and Allergy Unit (AU/mL) Values for Cont(ol and Test Extracts B

Day 7 Day 30 Day 60 Day 90
D50 AU D50 AU D50 AU D50 AU
Glycerin extracts
Rye/ABS 149 100,000 14.8 100,000 14.7 100,000 14.8 100,000
Rye/hickory 149 100,000 14.8 100,000 14.7 100,000 14.7 100,000
Rye/Helminthosporium 14.8 100,000 14.2 100,000 13.7 100,000 13.8 100,000
Rye/D. farinae 15.0 100,000 15.1 100,000 15.1 100,000 15.0 100,000
Rye/cockroach 149 100,000 14.4 100,000 142 100,000 14.3 100,000
BSP extracts
Rye/ABS 15.0 100,000 14.7 100,000 14.6 100,000 14.7 100,000
Rye/hickory 149 100,000 14.8 100,000 14.8 100,000 14.7 100,000
Rye/Helminthosporium  14.6 100,000 13.9 100,000 12.8 10,000 11.7 10,000
Rye/D. farinae 15.2 100,000 15.0 100,000 15.1 100,000 15.1 100,000
Rye/cockroach 147 100,000 14.2 100,000 13.0 100,000 125 10,000

80,000 Daltons. Tt was not present
in the perennial ryegrass/Helmin-
thosporium mixes at day 7 (Fig 5).
Lower molecular v cight proteins of
perennial ryegrass cannot be ana-
Ivzed because of the interfering Hel-
minthosporium proteins.

Proteolytic Assay

Proteolytic activity was ot erved as
clearing around wells on the casein-
agarose gels. Stre g clearing was
scen with the Helminthosporium
and cockroach extracts “»d minor
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clearing with D. forinae. There was
no clearing with the hickory extract.
This is shown in Table 2,

DISCUSSJON

Previous studies ha.e shown that
mold extracts. particularly those
containing Hebminthosporium, can
have an adverse effect on grass pol-
len alle: ¢nicity v hen measured by
RAST i:hibition” or by the ability
of such mixtures to produce a meas-
urable T2G response in immunized

mice.'' Cockroach extracts have
been reported to contain proteases®
that can digest grass extracts. '’
House dust mite extracts also have
been reported to contain proteases*-
that can degrade ragweed extracts.'?

This study was designed to gather
evidence concerning the clinical rel-
evance of proteolytic enzyme diges-
tion of grass pollen allergens by en-
zyvme containing allergenic extracts
by determining bioactivity of the
extracts. The patients selected were
allergic to perennial ryegrass but
were not allergic to hickory, Hel-
minthosporium. D. farinae, or
cockroach extracts. Two control ex-
tracts were prepared, rvegrass/ABS
and rvegrass/shagbark hickory. The
ABS control was used because ABS
has no proteolytic activity. The
hickory extract was selected because
it contained an adequate amount of
PNUs (the BSP extract contained
47.000 PNU/mL and the glycerin
contained 16.700 PNU/mL) to du-
plicate what might be seen in a clin-
ical situation when extracts are
mixed and did not exhibit proteo-
Iytic activity in the casein agarose
gels. Glycerin and BSP extracts were
both analyzed.

When RAST is used to perform
potency studies for stability pur-
poses. a decrease in potency is not
considered to be significant unless it
is greater than 20%. Using this cri-
teria no significant decrease in rye-
grass potency versus the controls
was observed in glvcerinated ex-
tracts at 90 days when mixed with
cockroach or D. furinae. Helmin-
thosporium did cause a significant
decrease first noted at 30 days which
hecame greater at 60 days and was
relatively the same at 90 davs. For
BSP extracts no significant changes
were seen with. D. farinae. Cock-
roach and Helvinthosporium ex-
tracts did cause significant rvegrass
potency decreases. In all cases the
decreases were greater in the BSP
than *he glveerin extracts suggesting
som- rotective effects by ghverin.
Glycerin has been shown to be a
superior diluent for single allergen
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Figure 4. SDS-PAGE of perennial ryegrass mixes in 3% to 15% gradient gels under reducing
conditions. Lanes 1-3: glycerinated extracts; lanes 5-7: BSP extracts. Lane I, perennial ryegrass
mixed with albumin saline: lane 2. perennial ryegrass mixed with hickory: lane 3. perennial
rvegrass mixed with Helminthosporium: lane 4. empty. lane 5. perennial ryegrass mixed with
albumin saline: lane 6. perennial rvegrass mixed with hickonyt and lane 7. perennial rvegrass
mixed with Helminthosporium.
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Figure 5. High performance liguid chromatogaphy molecular sieve analvsis using a BioRAD
Biostl TSK 125 column (300 x 765 nm) of A} perennial rvegrass (BSP) r ived with Helminthospo-
“ium (BSP) and B) perennial vegr: ws (BSP). Peaks were monitored at - %0 nm.
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Table 2. Proteolytic Assay Results for
Allergenic Extracts

. _ Glycerin _BSP ;

Heiminthosporium + +

Cockroach + +
D. farinae + N/A
Ryegrass - -
Hickory - -

extracts. as those containing at least
30% glycerin are more stable than
those prepared using other di-
luents.

When using skin testing to com-
pare relative potency. the results
were similar to those obtained by
RAST. No change was noted for D.
farinae. Cockroach BSP showed an
89¢ decrease in relative potency by
skin test and a 91% decrease by
RAST at day 90. Cockroach glyc-
erin extract showed a 24% decrease
by skin testing and a 26% decrease
by RAST at day 90. The Helmin-
thosporium extracts showed a simi-
lar relationship when examined by

RAST and skin testing. The Hel-
minthosporium BSP extract showed
a 96% decrease in potency at day
90 by skin testing and a 95% de-
crease by RAST. For the glycerin
extract the decreases were 67% by
skin testing and 75% by RAST.

A proteolytic assay showed signif-
icant proteolytic activity was pres-
ent in the Helminthosporium, cock-
roach, and D. farinae extracts but
none was present in the control
shagbark hickory extract. Several D.
Jarinae extracts were examined
using the proteolytic assay and sig-
nificant differences were noted in
proteolytic activity for the different
extracts. The one used in this study
exhibited moderate proteolvtic ac-
tivity. The SDS-PAGE as.zvs and
the HPLC analvsis showed a de-
crease in one perennial rve protein
after mixing with Helminthospor-
ium which confirmed earlier re-
ported observations. No loss of SDS
banis was seen with the cockroach
or I farinae extract mixes.

Many allergenic extracts are
standardize: in allergy units (AUSs) |
which are assigned to extracts by :

s




determining D«s in very sensitive
patients.*  Extracts labeled at
100.000 AU/mL elicit Dsos of be-
tween 13 and 15. Those labeled at
10,000 AU/mL have Dy, from 11-
13. To accurately assign an un-
known extract a given potency in
allergy units. at least 15 to 20 sen-
sitive patients must be tested. In our
study we tested only three patients
to each extract at each timepoint.
As expected, the control extracts
and the mixes tested at day 7 exhib-
ited Dss that were in the 13-15
range helping to confirm the fact
that the ryegrass extract did contain
100.000 AU/mL (even when di-
luted 50% by a control or test ex-
traci).

The decrease in extract potency
caused by mixing enzyme contain-
ing extracts with perennial ryegrass
1s approximately the same when de-
termined by relative potency skin
test measurements and RAST. In
the worst case (rvegrass/Helmin-
thosporium in BSP) the Ds, was
14.6 at day 7 and decreased to 11.7
at day 90. Assuming this Ds, value
is truly predictive of extract po-
tency, the extract at day 90 still con-
tained approximately 10,000 AU/
mL of ryegrass. The loss of activity
may be due to the decrease in the
protein corresponding to the band
on SDS-PAGE at around 30,000
Daltons or the HPLC peak at 13.5
minutes. The remaining allergenic
activity suggests not all of the aller-
gens are susceptible to the proteo-
Ivtic enzymes. Extracts of 10,000
AU/mL are routinely vsed 1o treat
patients allergic to mites. cus. and
other allergens with good therapeu-
tic respenses. The volumes admin-
istered must be greater with these
extracts than with ones containing
100.000 AU/mL. but if appropriate
changes in doses are made one
would expect a 10.000 AU/mL 1ve-
grass extract to be effective for im-
smunotherapy. Grass pollen extracts
are so potent that even relatively
large decreases in relative poteicy
can result in an ext act that is still

as potent as many other effective
extracts. This may help to explain
why such mixes. which have been
widely used in clinical practices for
many years, do seem to provide
therapeutic efficacy (at least anec-
dotally).

More studies must be performed
to determine the exact clinical rele-
vance of these observations. Studies
have shown that changing to a
freshly prepared extract can be as-
sociated with severe. even fatal, an-
aphylactic reactions if the dose of
the new one is not sufficiently de-
creased.'” The enzyme induced deg-
radation of pollen allergenicity
might. in part. explain some of these
untoward reactions. Qur studies
have shown that enzymatic activity
varies even between lots of the same
extract. It 1s impossible to know for
a specific extract how much prote-
olytic activity is present so. for the
sake of safety. the phvsician should
assume that mold extracts could
contain several enzyvmes. Until the
potency of extract mixes can be rou-
tinely measured for clinical pur-
poses, the allergist might be well
advised to not mix extracts contain-
ing proteolytic enzymes, particu-
larly Helminthosporium, with grass
and perhaps other pollen extracts.
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